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PROBLEM TO BE SOLVED: To provide a sintered product having excellent heat resistance, thermal shock 
resistance and mechanical characteristics, consisting mainly of silicon nitride, having good heat conductivity and 
exhibiting excellent corrosion resistance. 

SOLUTION: This sintered product consisting mainly of silicon nitride and having excellent heat conductivity is 
obtained by orienting the crystals of the silicon nitride. The sintered product consisting mainly of silicon nitride and 
having excellent corrosion resistance and heat conductivity is obtained by adding Al in an amount of >=1 10 wt % 
forming Si-AI-o-N bonds on >=50% of the contained Al * 
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Japanese published unexamined Application No. 11-228234 
[Title of the Invention] 

SINTERED BOY EXCELLENT IN CORROSION RESISTANCE AND 

THERMAL CONDUCTIVITY 

[Abstract] 

[Purpose] To provide a sintered body mainly composed of silicon nitride 
excellent in heat resistance, thermal impact resistance, and mechanical 
properties and having a desirable thermal conductivity and extremely 
excellent corrosion resistance. 

[Constitution] With respect to a sintered body mainly composed of silicon 
nitride, the sintered body is provided with an excellent thermal conductivity 
by orienting the silicon nitride crystal and moreover, the sintered body is 
provided with excellent corrosion resistance and thermal conductivity by 
adding Al in an amount of not less than 0.10% by weight and forming 
Si-Al-O-N by at least 50% of Al contained therein. 
Claims: 

1. A sintered body mainly composed of silicon nitride, wherein the silicon 
nitride crystal is oriented to provide an excellent thermal conductivity. 

2. The sintered body according to claim 1, wherein the silicon nitride 
crystal has an average aspect ratio of 3 or higher. 

3. A sintered body mainly composed of silicon nitride, wherein the silicon 
nitride crystal is oriented and Al is added in an amount of not less than 
0.10% by weight and at least 50% of Al added therein forms Si-Al-O-N to 
provide excellent corrosion resistance and thermal conductivity. 

4. An interior material of a reaction container made of the sintered body 
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according to any of claims 1 to 3. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 
5 The invention relates to a sintered body excellent in corrosion 

resistance and thermal conductivity, more practically, to a sintered body 
made of silicon nitride suitable as a member to be employed in 
environments where it is exposed to corrosive gases and plasma just like an 
interior member of a reaction container of a vacuum processing apparatus 
10 such as an etching apparatus, a sputtering apparatus, a CVD apparatus and 
the like employed for processes of fabricating semiconductors and liquid 
crystal displays. 
[0002] 
[Prior Art] 

15 In recent semiconductor fabrication process and liquid crystal 

display fabrication process, corrosive gases and high density plasma have 
been used in many cases. Especially, in an etching apparatus, since highly 
corrosive plasma such as fluorine-type plasma is used, an interior member 
of a reaction container to be installed in the etching apparatus is required to 

20 have high corrosion resistance. For that, techniques of using sintered 
bodies of ceramic materials such as alumina, aluminum nitride, silicon 
carbide and the like for the interior member of the above-mentioned 
reaction container have been proposed (e.g. Japanese published unexamined 
Application Nos. 7-183277 and 8-231266); 

25 [0003] 



It is known that silicon nitride (SisN 4 ) is outstandingly excellent in 
heat resistance, thermal impact resistance, and mechanical properties as 
compared with the above-mentioned ceramic materials, however silicon 
nitride has a problem that it is poor in corrosion resistance and thermal 
conductivity to be used as a member for the above-mentioned reaction 
container. 
[0004] 

As a reason for the poor thermal conductivity of silicon nitride, it is 
supposed that Al in a sintering aid forms sialon (Si-Al-O-N) and scatters 
phonon to result in decrease the thermal conductivity and for example, 
Japanese published unexamined Application No. 9-30866 discloses 
techniques of improving the thermal conductivity of silicon nitride sintered 
bodies by limiting the Al content to 1% by weight (preferably 0.1% by weight 
or less). However, the disclosed techniques do not deal with the 
improvement in the corrosion resistance of the silicon nitride sintered bodies 
and thus the silicon nitride sintered bodies are insufficient for the ceramic 
materials to be used for the member of the above-mentioned reaction 
container. 
[00051 

[Problems to be Solved by the Invention] 

In consideration of the above-mentioned situation, the invention is 
developed and the purpose of the invention is to provide a sintered body 
mainly composed of silicon nitride excellent in heat resistance, thermal 
impact resistance, and mechanical properties and which is provided with a 
desirable thermal conductivity and extremely excellent in corrosion 



resistance. 
[0006] 

[Means for Solving the Problems] 

A sintered body excellent in the thermal conductivity according to 
the invention and that solves the above-mentioned problems is a sintered 
body mainly composed of silicon nitride whose crystal is oriented and 
preferably have an average aspect ratio of 3 or higher. 
[0007] 

A sintered body excellent in the corrosion resistance and the thermal 
conductivity according to the invention is a sintered body mainly composed 
of silicon nitride whose crystal is oriented and in which Al in an amount of 
0.10% (% by weight, hereinafter the same) exists and 50% or more of Al 
forms Si-Al-O-N. 
[0008] 

Further, if the foregoing sintered body is used for producing an 
interior member of a reaction container such as a vacuum processing 
apparatus, it can provide excellent corrosion resistance and thermal 
conductivity and therefore it is desirable. 
[0009] 

The interior member of the reaction container of the vacuum 
processing apparatus may include a clamp ring, a focus ring, a gas diffusion 
plate, a chamber wall, a chamber liner, a cover, a dome, a heater stand, a 
heater covering material, a gate, and the like. 
[0010] 

The corrosion resistance in the invention is the property including 



both of gas resistance to corrosive gases and plasma resistance to high 
density plasma and means the corrosion resistance to gases and plasma 
containing elements such as CI, O, N, H, F, B, Br, S, C and the like. 
[0011] 

[Embodiments of the Invention] 

Inventors of the invention have carried out various experiments 
aiming to improve the thermal conductivity of a silicon nitride sintered body 
and have found that extremely excellent thermal conductivity can be 
obtained by controlling the crystal orientation of silicon nitride. Since a 
silicon nitride sintered body has a characteristic that it is poor in the 
corrosion resistance especially in gas/plasma environments containing 
halogen elements, inventors have further made investigations so as to 
develop techniques of improving the corrosion resistance while keeping the 
good thermal conductivity obtained by controlling the crystal orientation. 
Based on the results, inventors have found a fact that addition of Al to 
silicon nitride and formation of Si-Al-O-N by using a portion of Al make it 
possible to improve the corrosion resistance while the excellent thermal 
conductivity being maintained as it is. 
[0012] 

At first, with respect to a silicon nitride sintered body according to 
the invention, its excellent thermal conductivity can be obtained by 
orientation of the silicon nitride crystal. That is, in the case the structure 
in which thin and long silicon nitride crystal particles are arranged in one 
direction is formed, good thermal conductivity can be obtained and more 
particularly, it is desirable that the silicon nitride particles with an aspect 
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ratio of 3 or higher are arranged in their c-axis direction. 
[0013] 

Fig. 1 is an explanatory illustration schematically showing whether 
crystal is oriented or not and Fig. 1A shows the state that crystal particles 
5 are not oriented and Fig. IB shows the state that crystial particles are 
oriented. More particularly, preferably 70% or more, further preferably 
80% or more, of crystal particles are oriented at an angle formed between 
the oriented direction and the c-axis of the crystal in a range of ±30° 
(reference to Fig. 2). Further, it is more preferable that preferably 70% or 
10 more, further preferably 80% or more of crystal particles are oriented at an 
angle in a range of ±20°. 
[0014] 

To obtain such orientation of the crystal, for example, a Si3N4 
whisker is used as a seed crystal and a SisN4 powder (normally granular) is 
15 mixed therewith and the orientation of the whisker is controlled by 
extrusion molding or the like before sintering and then the resulting 
mixture is fired to obtain a sintered body oriented in c-axis direction. 
[0015] 

Next, with respect to the sintered body of the invention, in order to 
20 obtain excellent plasma resistance, it is required to control the Al content to 
be 0.1% or higher, preferably 0.5% or higher, and more preferably 0.8% or 
higher. On the other hand, the upper limit of the Al content differs 
depending on the characteristics required for the sintered body and the 
environments of use of the sintered body and in the case that the thermal 
25 conduction properties are important, the upper limit of the content is 
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desirably 10% or less, more desirably 7% or less. 
[0016] 

Further, it is very important that 50% or more of Al contained 
therein forms Si-Al-O-N in order to remarkably improve the corrosion 
5 resistance and it is more preferable that 55% or more of Al contained therein 
forms Si-Al-O-N. To adjust the Si-Al-O-N formation ratio of the contained 
Al, sintering condition such as a sintering and a sintering time can be 
controlled. For example, in the case p-SisN4 whisker is added as a seed 
crystal, during the sintering process, at first Si-Al-O-N glass is produced in 
10 the grain boundaries and there, a-SisN4 crystal is melted and a Si-Al-O-N 
composition is grown on the foregoing p-Si3N4 whisker from the 
oversaturated glass phase in the grain boundaries to result in increase of 
the foregoing Si-Al-O-N formation ratio. 
[0017] 

15 Incidentally, the formation ratio of Si-Al-O-N can be calculated by 

accurately carrying out quantitative determination by chemical analysis 
after approximate quantitative analysis and confirmation of the existence of 
Si-Al-O-N by a transmission electron microscope and x-ray diffraction. 
[0018] 

20 In order to add Al in an amount of 0.1% or more and to form 

Si-Al-O-N, an Al compound such as AI2O3, A1N or the like may be added and 
then sintering is carried out. Additionally, even in the case A1N is added 
alone, since an oxide exists in the surface layer of A1N and Si3N4, Si-Al-O-N 
can be formed. Further, as a sintering aid, a rare earth oxide such as Y2O3 

25 and MgO may be added together. 
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[0019] 

Hereinafter, the invention will be described further in details with 
reference to Examples, however it is not intended that the invention be 
limited to the illustrated Examples. Modifications and substitutions to 
specific process conditions and structures described before and hereinafter 
can be made without departing from the technical scope of the present 
invention. 
[0020] 
[Examples] 

At first, a SisN4 whisker (an average aspect ratio: about 5; an 
average length: about 1 [im) and a Si3N4 powder (an average particle 
diameter: 0.2 pm) were mixed at 5 : 95 (by weight) and as sintering aids, 
AI2O3 and Y2O3 were added and they were mixed. Next, for the purpose to 
control the orientation of the foregoing Si3N4 whisker in a single direction, 
the mixture was formed by extrusion molding and then fired to obtain 
silicon nitride sintered bodies having the Al contents and Si-Al-O-N 
formation ratios shown in Table 1. 
[0021] 

In Table 1, for example, the sintered body of No. 1 was obtained by 
adding the sintering aids at an addition ratio of 6% and firing at a sintering 
temperature of 1800°C for 5 hours and the sintered body of No. 9 was 
obtained by adding the sintering aids at an addition ratio of 8% and firing at 
a sintering temperature of 1,800°C for 5 hours. 
[0022] 

Using the silicon nitride sintered bodies shown in Table 1 and 



conventional ceramic sintered bodies, the corrosion resistance (gas 
resistance and plasma resistance) and the thermal conductivity were 
evaluated as follows. 
[0023] 

[Gas resistance] 

A gas exposure test was carried out under the following conditions 
and then each sample was taken out and washed enough with water and 
dried and the gas resistance was evaluated on the basis of the ratio of 
weight decrease. 
Gas: CFVAr = 100/100 seem; 
Gas pressure: 1 Torr; 
Temperature: 300°C; 
Retention time: 2 hours. 
(Criteria of gas resistance evaluation) 
O: weight decrease ratio less than 5%; 

A: weight decrease ratio not less than 5% and less than 10%; 

X : weight decrease ratio not less than 10%. 

[0024] 

[Plasma resistance] 

^Lplasma corrosion test was carried out by repeating four cycles, 
each cycle consisting of NF3 plasma radiation for 30 minutes under the 
following etching conditions and successive 10-minute interval. 
Gas: C 2 F6/Ar = 200/200 seem; 
Gas pressure: 30 mTorr; 
Top RF: 1800 W (13.56 MHz); 
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Bias RF: 200 W, Vdd = 1000 V (700 KHz); 

Temperature: 40°C. 

[0025] 

Next, the etching degree (the maximum depth) of each specimen was 
5 measured by observation with an electron microscope and the plasma 
resistance was evaluated according to the following criteria. 
O: etched degree less than 2 pm; 

A: etched degree not less than 2 |im and less than 5 |im; 

X : etched degree not less than 5 jam. 
10 [0026] 

[Thermal conductivity] 

The thermal conductivity of each specimen was measured by laser 

flash method and evaluated as follows. 

O: not less than 100 W/m.K; 
15 A: not less than 50 W/m.K and less than 100 W/m.K; 

X : not less than 50 W/m.K. 

The results are shown in Table 1. 
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[0027] 



[Table 1] 



No 


a substrate 


AJ content 
(wt%) 


Si-Al-O-N 
formation 
ratio of Al 
content 


crystal 
orientation 


gas 

resistance 


plasma 
resistance 


thermal 
conductivity 


aspect 
ratio 


1 


silicon nitride 


0.5 


90% 


Oriented 


A 


A 


O 


6.9 


2 


silicon nitride 


2.5 


55% 


Oriented 


O 


O 


O 


5.7 


3 


silicon nitride 


5.2 


60% 


Oriented 


O 


O 


O 


3.8 


4 


silicon nitride 


7.5 


60% 


Oriented 


O 


O 


A 


3.1 


5 


silicon nitride 


3.0 


85% 


Oriented 


O 


O 


O 


4.7 


6 


silicon nitride 


3.0 


50% 


Oriented 


O 






5.0 


7 


silicon nitride 


2.5 


60% 


Oriented 


O 


A 
O 


O 
A 


1.5 


8 
9 
10 
11 
12 
13 


silicon nitride 
silicon nitride 
silicon nitride 

SIC 

AlzOs 

SIO2 


0.08 
2.5 
3.0 


80% 
70% 
5% 


Oriented 
not oriented 

Oriented 
not oriented 
not oriented 
not oriented 


X 
O 
X 

A 
O 

X 


X 

O 

X 

A 
O 

X 


O 
X 

O 

X 
X 

* 


7.3 
4.8 
7.0 



[0028] 

5 No. 1 to 7 are examples satisfying the conditions of the invention 

and found excellent in both corrosion resistance properties; the gas 
resistance and the plasma resistance; and also excellent in the thermal 
conductivity. No. 8 is a comparative example in which the Al content is too 
low and found inferior in the corrosion resistance properties. No. 9 is a 
10 comparative example in which the silicon nitride particles are not oriented 
and found inferior in the thermal conductivity. No. 10 is a comparative 
example in which the Si-Al-O-N formation ratio of the Al content is too 
small and found inferior in the corrosion resistance properties. 
[0029] 

15 As the Al content was lower, the aspect ratio tended to be higher and 

the better thermal conductivity was obtained. With respect to the example 
No. 4 of the invention, although the aspect ratio was lowered to 3.1, the 
crystal was oriented and therefore, the thermal conductivity was good as 
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compared with those of conventional examples. Further, a comparative 
example No. 9 had a low Al content and a high aspect ratio as compared 
with those of the example No. 4 of the invention, however because of no 
orientation, the thermal conductivity of the comparative example was 
inferior. 
[0030] 

No. 11 to No. 13 were conventional examples comprising substrates 
made of compounds other than silicon nitride and all inferior in the thermal 
conductivity and especially the conventional example No. 13 comprising a 
substrate of Si02 was poor also in the corrosion resistance. 
[0031] 

[Effects of the Invention] 

Owing to the constitutions of the invention as described above, the 
invention can provide a sintered body mainly composed of silicon nitride 
excellent in the heat resistance, thermal impact resistance, and mechanical 
properties and which further has a desirable thermal conductivity and 
extremely excellent corrosion resistance. 
[Brief Description of the Drawings] 

[Fig. 1] An explanatory illustration showing the degree of crystal 
orientation. 

[Fig. 2] An explanatory illustration showing the direction of crystal 
orientation. 
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